Abstract-The
INTRODUCTION
Carbon quantum dots (CQDs) or Carbon-based quantum dots consisting of graphene quantum dots are a new class of carbon nanomaterials, which have received a lot of attention due to their chemical stability, low toxicity and biocompatibility in comparison with other quantum dots in recent years. CQDs are the carbon nanomaterials with sizes below 10 nm. They were first obtained in 2004 , during the purification of singlewalled carbon nanotubes through preparative electrophoresis by X.XU et al [1] .Two years later in 2006 , Y.P.Sun and his group [2] also observed carbon nano materials which were coined afterwards as carbon dots or carbon nanodots via laser ablation of graphite powder and cement.
Since 2006, number of scientific publications on CQDs have increased by a large number due to the several merits of CQDs, including simple synthesis methods, low cost and excellent biocompatibility. Carbon quantum dots also have good solubility and strong luminescence, because of which they are referred to as carbon nanolights [3] . II. SYNTHESIS OF CQDs Discovery of first fluorescent carbon nano particles as a byproduct in arc-discharged soot generated for the synthesis of carbon nanotubes was reported by X..XU and his team in 2004.Researchers who carried out the experiment identified , some of the "impurities" in the crude nanotube soot which were fluorescent and furthermore different fractions yielded distinct fluorescence wavelengths corresponding to different colors. Analysis of these "fluorescent carbon particles" indicated that they comprised of very small, nanometer scale, particles of carbonaceous material, which later on termed as Carbon Quantum Dots. .Fluorescent "carbon nanocrystals" or CQDs were also produced, as side products in other carbon nanotube preparations as well as upon further chemical processing of nanotube samplesboth multiwall carbon nanotubes (MWCNTs) and singlewall nanotubes (SWNTs). In past few years many synthesis processes are reported which includes Chemical ablation, Electrochemical carbonization, Laser ablation, Microwave irradiation, Hydrothermal or solvotherrmal treatment etc .In this article few of them are discussed.
2.1
Chemical ablation-A simple method to prepare luminescent CQDs in an aqueous solution by dehydrating carbohydrates with concentrated H2SO4 ,followed by breaking the carbonaceous materials into individual CQDs with HNO3 and passivating with amine-terminated compounds (4,7,10-trioxa-1,13-tridecanediamine) is reported by Peng and Travas-Sejdic [4] . By using different starting material and the duration of the nitric acid treatment, the emission wavelength of these CQDs can be tuned. Nontoxic nature of these CQDs and tunability for different emission colour, enables them to be applied in life science research.
In a different approach, Photoluminescent CQDs were synthesized in one-pot using polyethylenimine (PEI), a cationic branched polyelectrolyte, as both a carbon source and passivating agent via HNO3 oxidation [5] .The PL of these CQDs was highly pH-sensitive, i.e., the PL intensity decreased with increasing pH. In addition, the pH response of the PL behavior was reversible. This property unable the CQDs to serve as proton sensors in monitoring cell metabolization processes with proton release.
2.2
Laser ablation Laser ablation method is used to produce inorganic nanoparticles from solid substrates. In this process, the high energy delivered by the laser beam causes ablation or removal of particulates from the target solid substrate and the substances thus removed have been often found to exhibit nanoscale dimensions. Sun and co-workers reported formation of CQDs via laser ablation of a carbon target in the presence of water vapour with argon as a carrier gas at 900 0 C and75 kPa [2, [6] [7] [8] [9] [10] ]. The report by Y.P. Sun and colleagues highlights another fundamental aspect of Carbon-Dot synthesis and CarbonDot research in general that the Carbon-Dots' surfaces have a central role in affecting the fluorescence properties of these nanoparticles. This observation, provides a fundamental difference between Carbon-Dots and other photoluminescent nanoparticles, particularly semiconductor quantum dots (Qdots). In Qdots, the fluorescence emission has been observed due to the "quantum effect" in which the nanometer scale of the semiconductor particle dictates coalescence of energy levels allowing excitation of electrons from the valence band into the conducting band in discrete energies. While the fluorescence properties of Carbon-Dots are associated with the particles' surface, specifically "surface defects" responsible for light absorbance in specific wavelengths, i.e., different colors.Du et al. In 2009, reported the synthesis of fluorescent CQDs by laser irradiation of a suspension of carbon materials in an organic solvent [6] . By using suitable organic solvents, the surface states of the CQDs could be modified to achieve tunable light emission.
2.3
Microwave based synthesis-. This is a recent and simple synthetic route, developed by Y. Zhang and his coworkers in 2014, which is a heterogeneous synthesis process performed by utilizing a mixture of a powder (calcium citrate) and solution (urea) [11] . Synthesis was carried out by microwave irradiation of a heterogeneous mixture of calcium citrate (powder) and urea (solubilized). The resultant Carbon-Dots doped with nitrogen atoms, emitted high luminescence both in solution and in the solid phase, which is a somewhat unique property in Carbon-Dot systems (as Carbon-Dots generally exhibit fluorescence quenching in solid phases).
Green luminescent CQDs were obtained using sucrose as the carbon source and diethylene glycol (DEG) as the reaction media, within one minute under microwave irradiation [12] . These DEG-stabilized CQDs could be well-dispersed in water and appears transparent. With an increase in the excitation wavelength, the intensity of the PL first increased to a maximum (360 nm excitation) and then decreased. However, no perceptible shift of the PL peak over an excitation range from 320 nm to 380 nm could be observed. These DEG-CQDs could be efficiently ingested by C6 glioma cells and exhibited a low cytotoxicity, making them useful in bioimaging applications.
Liu et al. Promoted microwave-mediated pyrolysis of citric acid with various amine molecules to synthesize highly luminescent CQDs [13] .Microwave irradiation of organic compounds is a rapid and low-cost method to synthesize CQDs [12] [13] [14] [15] , which produces CQDs which are highly biocompatible and have great potential for biomedical applications.
III. APPLICATIONS IN OPTRONICS

3.1
Organic solar cells -The most interesting feature of CQDs is their tunable PL properties arising from quantum confinement effects. The PL quantum yield (QY) of bare C-dots is low (typically <10%) due to the emissive traps on the surface. Therefore, surface passivation layer is necessary to improve their brightness. As compared with conventional organic or inorganic fluorophores, the key advantage of CQDs is non-blinking PL and excellent photostability [16] . The Carbon quantum dots enables single-molecule tracking. The PL intensity of CQDs prepared by laser ablation decreases by only 4.5% after 4h irradiation, whereas organic fluorophores photo-bleach within minutes [7] . The P3HT: PCBM based solar cell harvests sunlight from 480 nm to 650 nm, covering only a part of visible light range (380-780 nm). The remaining portions (380 nm480nm and 650-780 nm) are not effectively utilized. Recently, a simple and effective method to prepare CQDs and their polymer based composites has been developed. As reported by Zhang et al., the CQDs with an excitation wavelength independent PL can self-assemble in solution but not agglomerate in the solidified composite [17] . Since the CQDs filled polysiloxane composite is able to emit light from 400 nm to 650 nm under excitation from 320 nm to 450 nm, its wavelength ranges of both PL and excitation well fit the spectrum (480 nm -650 nm) and (380 nm-480 nm) of the bulk hetero-junction (BHJ) Development (ICSESD-2017) (www.jit.org.in solar cell, as a result raises the power conversion efficiency by about 12% through coating a layer of the composite on the cover glass. 3.2 SupercapacitorAs per recently published reports, CQD based hybrids are excellent electrode materials for supercapacitors. The CQDs are fabricated, by chemical oxidation method, which are followed by thermal reduction to obtain the composites. At an ultra-high current density of 50 A/ g (41.9 wt% Ru loading),the hybrid exhibits a specific capacitance of 460 F /g and excellent rate capability (88.6, 84.2, and 77.4% of capacity retention rate at 10, 20, and 50 A/ g compared with 1 A/g , respectively) [18] . The hybrid shows exceptional cycling stability with 96.9% capacity retention over 5000 cycles at 5A/g. Such remarkable electrochemical performance can be supposed to be obtained due to the significantly enhanced utilization of RuO2 achieved by the efficient dispersion of small reduced CQDs and the formation of a CQD-based hybrid network structure that can facilitate the fast charge transportation and ionic motion during the charge discharge process.
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The contact resistance at the interface between active materials and current collectors plays an important role in determining the performance.
IV.
CONCLUSION In this paper recent progress in the field of the synthetic methods of CQDs, has been discussed.
The synthesis techniques used for the production of CQDs faces three major problems -(i) carbonaceous aggregation during carbonization, which can be avoided by using electrochemical synthesis, confined pyrolysis or solution chemistry methods, (ii) size control and uniformity, which is important for uniform properties and mechanistic study, and can be optimized via post-treatment, such as gel electrophoresis, centrifugation, and dialysis and (iii) surface properties that are critical for solubility and selected applications, which can be tuned during preparation or post-treatment.
Thus it can be concluded that, though several methods have been developed for the synthesis of CQDs, well-defined structure and precise sizes are hardly available yet. It is difficult to synthesize CQDs in a green manner with designed structure and size for property studies and selected applications.
